Abstract-This study supported the evaluation by a rehabilitation team of the performance of two treatment options that improve the arm-hand function in subjects with sixth cervical vertebra (C6) level Motor Group 2 tetraplegia. The analytic hierarchy process, a technique for multicriteria decision analysis, was used by a rehabilitation team and potential recipients to quantitatively compare a new technology, Functional Electrical Stimulation (FES), with conventional surgery. Performance was measured by functional improvement, treatment load, risks, user-friendliness, and social outcomes. Functional improvement after FES was considered better than that after conventional surgery. However, the rehabilitation team's overall rating for conventional surgery was slightly higher than that for FES (57% vs 44%). Compared with the rehabilitation team, potential recipients gave greater weight to burden of treatment and less weight to functional improvement. This study shows that evaluation of new technology must be more comprehensive than the evaluation of functional improvement alone, and that patient preferences may differ from those of the rehabilitation team.
INTRODUCTION
The field of rehabilitation has become increasingly complex. The demand for rehabilitation treatment increases, but the resources for rehabilitation are scarce. The allocation of rehabilitation resources to potential recipients is also often complex and many factors must be considered. One specific decision that must be made is how to allocate the appropriate assistive technology to potential recipients-the multidisciplinary nature of rehabilitation requires that the various rehabilitation professionals decided this as a team. Such teams include physicians, nurses, and members of different therapy services [1] . All parties involved must carefully consider the various factors that underlie the acceptance of the technology by the recipient [2] .
This study focuses on a multicriteria decision method to support the evaluation of the importance of treatment characteristics and the performance of various different treatment approaches in a specific clinical situation. In the present study, a rehabilitation team and a group of potential recipients with sixth cervical vertebra (C6) level tetraplegia evaluated the importance of the treatment characteristics of reconstructive interventions of the upper limbs (ULs). The rehabilitation team evaluated the performance of two different interventions for the ULs for subjects with C6-level tetraplegia based on the treatment characteristics.
In individuals with tetraplegia due to a cervical spinal cord injury (SCI), the motor level relates to the level of independence in the activities of daily living [3] [4] [5] . Therefore, therapy of the ULs is very important. For subjects who meet the selection criteria, reconstructive surgery of the ULs can partially restore elbow extension and grasp function [6] [7] [8] . More recently, the implantation of Functional Electrical Stimulation (FES) devices has been introduced to improve UL function. In the FES system (Freehand System™ * ), electrodes are surgically placed onto the paralyzed hand muscles that are responsible for grasp and release. These electrodes are connected to a subcutaneous receiver-stimulation unit, which interprets voluntary signals from motions such as shoulder elevations, and transfers the appropriate stimulation waveforms via the electrodes to the target muscles. Physicians usually combine FES implants with conventional surgical procedures to optimize patients' functional abilities [9] [10] .
To judge eligibility for surgery, physicians classify patients according to the International Classification of the Upper Limb in Tetraplegia [11] [12] . This classification scores the number of functional muscles below the level of the elbow with a strength grade of at least 4/5, with the use of a manual muscle test. The muscles are classified into nine separate motor groups (Groups 0 to 9). In addition to motor function, sensory function is also tested with the two-point discrimination test of the pulp of the thumb. Subjects classified as Motor Group 0 have no muscle below the elbow with a strength of Grade 4/5, so FES is the only option to enhance hand function. For those classified as Motor Group 1, only the musculus (m.) brachio radialis has a strength of grade 4/5, and for Motor Group 2, both this muscle and the m. extensor carpi radialis longus have a strength of grade 4/5. In subjects classified as Motor Group 3, the m. extensor carpi radialis brevis also has a strength of grade 4/5, and for Motor Groups 4 to 9, more muscles per group have this minimum strength.
For subjects with fifth cervical vertebra (C5) lesions in Motor Group 1 and especially for subjects with C6 lesions in Motor Group 2, limited surgical procedures, as well as reconstructive surgery combined with FES implants, can be considered. These subjects have to choose between these two treatment options if they are willing to undergo a reconstructive procedure. To support their decision, subjects will ask their rehabilitation teams for advice. In order to be able to give the correct advice, the teams must clearly understand and be able to explain their preferences for the treatment options.
Decision making by rehabilitation teams is likely to be negatively influenced by a lack of time, a lack of procedural guidelines, the disregard of alternative opinions, and a team member or leader dominating the process [1] . Teams will benefit by developing strategies to enhance their teamwork and developing guidelines to standardize their decision processes. The analytic hierarchy process (AHP), a technique developed by Saaty for multicriteria decision analysis that supports team decision making [13] can help rehabilitation treatment teams evaluate the performance of new medical technology. The aim of this study was to support, with the AHP, the evaluation by a rehabilitation team of conventional UL reconstructive surgery and reconstructive surgery combined with FES. An additional component of this study compared the treatment requirement preferences of a group of potential recipients of reconstructive interventions with the preferences of a rehabilitation team.
MATERIALS AND METHODS
A decision is a choice between two or more alternatives, and the choice for an alternative is generally based on multiple criteria or requirements. Saaty's AHP is a technique for multicriteria decision analysis [13] . This technique supports decision makers, both individual and group, when they have to choose between alternatives. The AHP structures group discussions, emphasizes any disagreements among group members, and supports a quantitative comparison between the alternatives. It helps to quantitatively estimate how well the alternatives fulfill a number of performance requirements, which themselves can be both quantitative and qualitative [13] . The AHP has been implemented in a group decision support system software called "Team Expert Choice." * We applied the AHP to evaluate the effectiveness of FES in enhancing the hand function of subjects with C6-level tetraplegia. An expert panel compared the effectiveness of surgery including an FES implant with conventional surgery for a specific group of potential recipients. These recipients were subjects with C6-level tetraplegia who were classified as Motor Group 2 according to the International Classification of the Upper Limb in Tetraplegia. The recipients can keep sufficient balance, are psychologically adjusted to their injury, can learn to use the revised hand function, and have target muscles that can be stimulated by electrical waveforms. These subjects can undergo conventional surgery to improve elbow extension (posterior deltoid to triceps transfer).
To improve the hand function of these subjects, a physician could consider both conventional surgery and reconstructive surgery combined with an FES. Conventional surgery is the active transfer of the m. brachioradialis to thumb or finger flexors, which can be eventually combined with tenodesis of thumb or finger flexors. This therapy results in one active and one tenodesis grasp of either palmar or lateral grasp. Surgery combined with an FES implant results in a stimulated lateral and palmar grasp function. An extensive review of the possibilities can be found in the literature [6] [7] [8] [9] [10] .
The expert panel included two rehabilitation physicians, two occupational therapists, two physiotherapists, and one social worker, as well as a person with C6 complete tetraplegia. These panel members were selected on the basis of their knowledge about the treatment of the tetraplegic arm-hand or the psychosocial effects involved. All professional members belonged to the same SCI treatment team and had considerable experience (between 8 and 24 years) treating patients with SCI and a special interest and expertise in the treatment of ULs. The person with tetraplegia had sustained his injury over 20 years ago, has undergone reconstructive UL surgery, and is active as a counselor for people who have recently sustained an SCI. A nurse on this team was unable to attend the evaluation.
The panel members were seated at a U-shaped table facing a facilitator. Hardware consisted of a laptop on which Team Expert Choice was installed, a projection system, a radio frequency receiver, and individual wireless keypads for the panel members. Panel members first defined the appropriate group of potential recipients, FES, and reconstructive surgery. A 10 min brainstorming session followed, in which the panel members formulated performance requirements for assessing the treatment options, then read them out to the panel. The facilitator entered these requirements in Team Expert Choice and projected them on a screen, such as shown in this example:
In the present study, the objective is to choose, out of two alternative arm-hand treatments, the treatment with the highest performance. Some of the main performance requirements are, for example, safety of the treatment, influence on the quality of the hand function, and ease of using the hand.
In the next step, each of the main requirements was divided into several subrequirements. The panel discussed all requirements to ensure that the main requirements, as well as each group of subrequirements, were mutually exclusive, clear, comprehensive, and of importance within the same order of magnitude. These requirements were revised until the panel had no further comments, additions, modifications, or omissions.
The expert panel members then compared the importance of the requirements. First, they compared the importance of each pair of two main requirements on a nine-point scale, on which a score of 1 indicated equal importance of the requirements. If the panel considered one of the requirements to be more important than the other, it assigned that requirement a score ranging from 2 to 9, depending on the level of importance. An example of a pairwise comparison of the importance of two main requirements follows:
Which requirement is more important with regard to the performance of the hand treatment, and to what degree? Safety is a requirement that is-(1) equally, (3) slightly more, (5) strongly more, (7) very much more, (9) exceedingly more important than the quality of the hand function.
[2, 4, 6, and 8 represent intermediate values]
Then the panel compared the importance of each pair of subrequirements that related to the same main requirement. Likewise, they compared the performances of the two treatment options with regard to each subrequirement.
In this case, the comparison focused on which treatment option was preferred with regard to the subrequirement and to what degree. For the comparisons between treatments, the 9-point scale ranges from indifference to extreme preference.
Using their handheld radiographic keypads, the panel members gave their scores for each pairwise comparison. Individual scores were projected on a screen, which enabled the panel members to discuss their scores. During the discussions, the panel members could alter their scores. No actual consensus was forced. Group scores were the geometric averages of the final individual scores for the pairwise comparisons.
The AHP software uses the group scores for the pairwise comparisons to calculate the weighting factors according to an eigenvector method. This eigenvector method can be interpreted as a simple averaging process, by which the weights are the average of all possible ways of comparing the importance of the requirements or the preference for the treatments. Accordingly, the weights that were calculated represent the relative importance of the main and subrequirements and the relative preference for the treatments with regard to each subrequirement. These weights were used to calculate an overall weighted preference for the two treatment alternatives. (Saaty and Vargas [14] and Hummel [15] give more in-depth explanations of this mathematical approach.) The software illustrates these weights using graphs, but a sample description of this calculation follows:
For example, two decision makers are convinced that safety and ease of use are equally important (score = 1), and two other decision makers consider safety to be much more important than ease of use (score = 5). The group score is therefore 3, indicating that safety is slightly more important than ease of use. Let us assume further that the safety of treatment 1 is preferred slightly more than the safety of treatment 2. On the other hand, treatment 2 is preferred slightly more than treatment 1 with respect to the ease of using the hand. The treatments are equally preferable with respect to their influence on the quality of the hand function. In this example, treatment 1 is safer than treatment 2, but the hand will be more difficult to use. Since safety is weighted stronger in this evaluation than ease of use, the results indicate that treatment 1 is preferred. Overall, this treatment is therefore considered to perform better than treatment 2.
An additional exploratory study was performed to investigate whether the results obtained during the session with the rehabilitation team were in accordance with the needs of potential recipients. In other words, do potential recipients have the same values as the rehabilitation team with regard to the requirements of surgery combined with FES and conventional surgery? Eight rehabilitation centers specializing in SCI care in the Netherlands selected 34 persons with C6-level tetraplegia to participate in this formal study. Criteria for the inclusion of subjects were that they have C6-level Motor Group 2 cervical SCI, that the time since their injury was >1 year (stable neurological condition), and that they were not recently informed about reconstructive surgery. Patients were excluded if they had either received reconstructive surgery or had declined treatment within the previous year. The subjects were individually interviewed by a research assistant and asked to assess, pairwise, the relative importance of each pair of the main requirements that had been defined by the expert panel. The subjects made a total of 10 pairwise comparisons. Because this study was combined with other questionnaires, the available time was limited, so subjects were not asked to value the subrequirements. We performed an analysis of variance (ANOVA) to compare the importance of each main requirement, as rated by the members of the expert panel (n = 8) and the potential recipients (n = 34). This additional study involving subjects with SCI was approved by the Roessingh Rehabilitation Centre Ethical Committee (Enschede, the Netherlands).
RESULTS
In the evaluation of reconstructive surgery including an FES implant compared with conventional surgery, the expert panel considered 19 subrequirements to be relevant. These requirements were related to five main requirements: ease of use, social acceptance, improved arm-hand function, minimal risks, and minimal load of the treatment (Figure 1) . Figure 1 and the Table show detailed quantitative results of the weighting according to the expert panel. Figure 1 shows the weighting factors in parentheses of the main requirements and the subrequirements. These weighting factors represent the relative importance of these requirements according to the panel. The Table shows weighted factors of the panel's preferences for the two treatment options for each subrequirement separately.
A high weight indicates a strong preference of the expert panel for the effectiveness of the specific treatment option in fulfilling the corresponding subrequirement.
In summary, the most important main requirements associated with a treatment option, according to the rehabilitation team on our expert panel, are functional arm-hand results (0.54), risks (0.21), and ease of use (0.17). In general, surgery combined with FES is preferred for its improvement of the arm-hand function. For example, the quality of the grip is considered to be superior if treated by FES. In contrast, conventional surgery without the implantation of an FES device scores better on most of the remaining subrequirements. For example, after surgery the improved hand function is available 24 hours a day, hinders the person with tetraplegia less, can be used in less time, requires less maintenance, and is less revealing. Figure 2 shows an overview of the expert panel's final weighting factors of the main requirements (gray bars), the weighted preferences for the treatments in fulfilling these requirements (dashed and solid lines), and the overall weighted preference for the treatments (ends of lines). The overall preference of the panel was 44 percent for surgery combined with FES versus 56 percent for conventional surgery. The panel preferred surgery combined with FES for its improvement of the arm-hand function, and this improvement is considered to be the most important requirement. Nevertheless, the overall (average-weighted) preference for conventional surgery is slightly higher than the preference for surgery with FES. This overall preference for conventional surgery is explained by, in order of decreasing influence on the overall outcomes, the greater ease of use of the arm-hand function after surgery, the lower risks involved, the greater social acceptance, and the lesser load of reconstructive surgery. An important determinant of less ease of use after surgery with FES is that the FES system may hinder the person with tetraplegia. The FES equipment has to be put on and taken off each day and must be transported during the day. An important cause of the higher risks involved in the FES treatment is that, in addition to the normal complications of reconstructive surgery, failure of the FES system may necessitate surgical repair and the implanted parts may become infected and subsequently have to be removed [10] .
In the additional component of our study, 34 potential recipients rated the importance of the main requirements. Figure 3 shows the mean scores for importance of the main requirements as rated by the expert panel and the 34 potential recipients. The ranges of the importance scores for importance in both groups are also indicated in Figure 3 . An ANOVA showed that the means of the scores for importance differ significantly between the two groups for improvement of the arm-hand function (p = 0.005) and load of the treatment (p = 0.01). However, substitution of the expert panel scores for importance with the recipient scores for importance would not change the mean overall preference to surgery combined with FES rather than conventional surgery. Each recipient would have a slight preference for conventional surgery.
DISCUSSION
Clinical trials about the application of new treatment technology generally focus only on the functional effects and/or safety of the new technology. However, besides functional outcome and safety, one must consider more treatment characteristics in the evaluation of the performance of the treatment. A lack of knowledge about the performance in all aspects of assistive technology may result in the inappropriate allocation of treatment, which is likely to decrease patient satisfaction and increase the costs of healthcare. In the present study, an experienced rehabilitation team in the field of UL treatment for tetraplegia and a person with tetraplegia compared the performance of reconstructive surgery with FES with the performance of conventional surgery for subjects with a specific tetraplegic condition. This multidisciplinary team formulated technical, medical, and social performance requirements. In more comprehensive panel evaluations, the amount of treatment options can be increased by adding, for example, the option of no medical intervention. But in this first evaluation, we included two comparable treatment options that question the difference in performance with regard to each of these performance requirements and therefore would benefit from an in-depth discussion about all these requirements. The systematic procedure offered by the AHP helps to prevent important deficiencies in team decision-making, such as failure to carry out all elements of the decision-making process, isolation from alternative opinions, and dominance. Although such evaluations are still likely to take several hours, particularly when controversial technology is introduced, such panel evaluations are important.
The results of laboratory-based assessments indicate that the FES system is able to enhance grasp and pinch better than conventional surgery [10] . In line with these results, the expert panel preferred surgical therapy combined with an FES implant above conventional surgery for its functional improvement of the arm-hand of C6-level Motor Group 2 persons with tetraplegia. However, the overall preference for surgery with FES is rated slightly lower than the preference for conventional surgery. This is because of the greater ability of conventional surgery to meet other requirements, in particular the ease of using the hand after surgery and the low risks involved in this treatment. Moreover, if actual recipients values had been considered, the balance would shift even more toward a preference for reconstructive surgery. This is supported by the experiences of the expert panel in rehabilitation practice. These results underline the need to evaluate rehabilitation technology more comprehensively and not just to simply evaluate functional performance of technology. Functional outcomes alone cannot predict the acceptability of or satisfaction with assistive technologies.
The opinions of users and professionals from a variety of disciplines are needed to determine all the relevant performance requirements. The panel, as a whole, needs to be a well-balanced representation of individuals with relevant, state-of-the-art knowledge about each of the domains of rehabilitation. Each panel member can contribute arguments that support the judgments in his or her specific domain. For example, the person with tetraplegia in the expert panel was not familiar with the performance of FES. However, he could contribute to the panel discussions in particular by explaining why certain performance requirements were more important than others.
The question remains whether a rehabilitation team should speak for the patient in defining the requirements of treatment options and their relative importance [16] [17] . This question is raised because, compared with the potential recipients, the expert panel rated the load of the surgery combined with FES to be less important and functional improvement of the arm-hand function to be more important. This has also been observed in other studies [18] [19] . The comparison between the outcomes of the panel and outcomes of the subjects with tetraplegia can only be considered an exploratory, pilot assessment. Even though the subjects with tetraplegia were supported by the AHP, they did not experience the panel discussions and they were not familiar with both types of treatment. To learn the opinions of potential recipients who have to choose a treatment, we included only potential recipients and not actual recipients of FES or conventional surgery. Bias in their opinions due to lack of experience is limited because they were asked only to rate the importance of the main requirements and not to judge the performance of the treatments. Furthermore, to facilitate our comparison of the two groups, we did not allow the potential recipients to select the main performance requirements, only the expert panel. Future research will compare the outcomes of the expert panel with the outcomes of actual recipients who have gained experience with the FES system or surgery to restore their arm-hand function.
CONCLUSIONS
This study indicates that this specific rehabilitation treatment team had a slight preference for FES over conventional surgery when considering UL interventions for subjects with C6-level Motor Group 2 tetraplegia in a specific clinical setting. Before this evaluation, the panel members did not receive a meta-analysis of the literature on these treatment options. This evaluation was based on the panel's existing knowledge of the relevant literature and the multidisciplinary knowledge that has been acquired in the treatment of persons with C6-level tetraplegia in the specific treatment facility. One should note that FES is a relatively new treatment option and so experience must still be gained. Growing experience, an increasing body of literature on the performance of this treatment, and improvements of the FES systems [20] may influence preferences for FES. According to our results, the impending improvement in the user-friendliness of the FES system is likely to be an important factor to increase preference for the FES system. In the early stages of clinical implementation, objective measurements of various aspects of the performance of new versus more established treatment options are limited. For future evaluations, the AHP offers the possibility to integrate the results of well-designed studies on the performance of various different treatment options on one or more of the performance requirements, such as UL function or complication risk. Because of these factors, the outcomes of this panel evaluation cannot be generalized to other treatment teams or other circumstances. The essence of such panel evaluations is to reveal and discuss the arguments that support the preference of a treatment team in its own specific circumstances. This particular preference shapes the advice given by treatment teams or individual caregivers to patients.
The outcomes can be used as guidance in sharing information with individual patients. The importance of the requirements and preferences for the treatments can subsequently be attuned to their specific needs and characteristics. Our results show that the individual potential recipients have a relatively wide range of opinions about the importance of the performance requirements. In a quick screening procedure for a specific patient, the minimal requirements of the treatment options can be discussed. In clinical practice, the option of no intervention at all should be included in this discussion. No intervention at all would be a disadvantage in the arm-hand function area, but would have advantages with regard to treatment load and risks. If a patient wants to be treated and a certain treatment option fails to meet the minimal requirements of this patient, that specific treatment option should no longer be considered. For instance, if a patient does not want to consider implanted devices at all, then surgery with FES implants does not need to be discussed. For a patient to choose between the acceptable treatment options, that patient and the rehabilitation team should discuss in detail the importance of the performance requirements for the patient and carefully compare the various treatment options.
Potential FES recipients, as well as rehabilitation professionals, lack knowledge about the various factors that underlie the acceptance of assistive technology [2] . Comprehensive evaluations of rehabilitation technology, such as described in this study, are designed to enhance this knowledge that rehabilitation professionals require to allocate the appropriate rehabilitation technology to potential recipients.
